The monitoring and the control of air pollution which is a consequence of the activities of district heating plants in the area of Niš have indicated that there is a cause and effect relationship between the emitted pollutants and air quality on one hand, and health risk on the other hand. The aim of this paper is to determine the correlation between district heating plants, air quality and health risk. The evidence of this connection is the hazardous health quotient and the level of total carcinogenic risk in comparison to measured immission concentration and expected immission concentrations of pollutants from district heating plants in the city.
Introduction
The aim of this study is to determine the influence of pollutant emission from district heating system on air quality and health risk assessments, on the territory of the city of Niš. The assessment of air quality in the area of Niš has been carried out in accordance with the legislation of the Republic of Serbia, as well as according to the procedures and recommendations of U. S. EPA. Health risk assessment has also been carried out in accordance with the methodology and recommendations made by U. S. EPA. There is qualitative and quantitative correlation and dependency between the emission of pollutants produced by fuel combustion in district heating plants and the air quality in the city. The result of the increasing activities of district heating plants is an increased emission concentration and degradation of air quality, which has been confirmed by the research conducted on the territory of Niš [1] . Immission concentrations of pollutants are regularly measured and monitored in Niš. These features are variable and the differences are noticeable during the change of seasons, which is connected to the activities of the district heating plants and industrial power plants (stationary sources of air pollution). Fossil fuels are the main energy sources in the area of Niš. The most *nCorresponding author; e-mail: amelija.djordjevic@znrfak.ni.ac.rs common energy-generating products are solid fossil fuels, such as: all types of coals (lignite, semibituminous and bituminous coal, as well as anthracite) and firewood. Liquid fossil fuels and natural gas are also used as fuels on the territory of Niš.
Methodological approach to making qualitative and quantitative assessment of air quality and health risk
In order to perform qualitative and quantitative assessments of air quality, the original method for making the correlation between the concentration of pollutants and air quality index scale (according to the standard U. S. EPA, 451/K-94-001) has been used in this paper [2] . The correlation of pollutant concentrations and air quality index has been determined by the following methods: statistical method, the method of analysis and the synthesis of the effects of mid-annual concentrations on the health of the exposed population. According to the world experience, measured and estimated immission concentrations of pollutants are used to assess the potential territorial health risk. The correlation between the air quality index, the air quality and its effects on human health provides an opportunity for comparative analysis of the impact of pollutants on air quality and air pollution health risk. Table 1 gives an overview of the correlation between the short-term immission concentrations of pollutants and air quality index [3] . Table 2 provides an overview of the original connection of immission concentration of pollutants and air quality index, while tab. 3 shows the relationship between the health quotient and the health risk category. Non-cancer disease risk assessment can be regarded as the correlation between the exposure and the appropriate reference dose (RƒD) of pollutants. The increased probability of health risk among the individual y, exposed to the cancerous pollutant x, in a particular subgroup in the environment i can be obtained by calculating the hazardous health quotient HQ [4, 5] :
where HQ I,x,y is the hazardous health quotient of non-cancerous substances (dimensionless size), E i,x,y mg/kg per day -the exposure or an average intake of pollutant x in a function of time, for an individual y, observed in the environment i:
where C i,x mgm -3 is the concentration of pollutant x in the environment i, IR y m 3 per dayis a breathing rate at rest per unit of time for an individual in a subgroup y, in the environment i, ET i days/years -the exposure time in the environment i, BW y kg -the body weight of an individual in a subgroup y, ED i years -the exposure duration of an individual in the environment y AT x days -the time of the pollutant x activity, and EF i [days/year] -the exposure frequency for the typical resident in neighborhood i.
For the evaluation of carcinogenic effects caused by long-term exposure to pollutants, potentially increased risk of cancerous diseases can be identified as a combination of exposure and coefficient of carcinogenic potential for each individual [6] . Potentially increased risk of getting cancer has been determined in the example of an individual y exposed to the pollutant x:
where ICR i,x,y is the cancer risk for an individual y, under the influence of pollutant x in an environment i, and SF x mg/kg per day -the slope factor or increased cancer risk from a lifetime exposure to a pollutant x.
Emission and immission concentrations of pollutants from district heating plants in Niš
District heating system has been used in Ni{ since 1973. The system of district heating is characterized by 13 heat source generators, with a capacity of 237.15 MW. Since 1977, district heating plants have been using crude-oil, heating oil, coal, and natural gas. The facilities of the city plants provide district heating to more than 1.5 million m 2 of heating surface. The mass of the emitted pollutants through emission factors has been calculated according to the data about the quantity of fuel used for district heating system in Niš. The correlation between the amount of emitted pollutants and the amount of burned natural fuel has been determined according to the common level of emission factors. The measured mass of emitted pollutants developed by burning fuels used in district heating operators in Niš (tab. 4) is given in tabs. 5, 6, 7, and 8. The actual mass of emitted pollutants caused by burning fossil fuels depends on many factors such as: height and diameter of the emitter, velocity of flue gases, gases retaining in the furnace flue pipes, flue gas temperatures, fuel combustion procedure, etc. 7-9 . However, the results of the calculation of mass emission of pollutants emitted by burning fuels using emission factors are relevant and are they used for certain analysis. Fuel oil, coal, oil, and gas have been used as fuels for district heating in Niš for the last 27 years. In the observed period, high concentrations of SO 2 , NO x and formaldehyde and lower concentrations of SO 3 and CO were emitted to the air (tabs. 4, 5, 6, and 7). In the period between 2005 and 2009, there was no significant increase in the number of users connected to district heating system and no significant change in the amount and type of energy generating products used in district heating plants in Ni{.
The immission concentrations for the most adverse meteorological conditions have been calculated by the analysis of all 13 heat generating sources in Niš. The software package Screening air dispersion model (SCREEN) has determined that in 5 heat sources, there has been an exceeding limit values of emissions and in district heating plants, "Krivi Vir," "Sombor", "Pantelej", "Car Uroš", and "Čair". The results of the measured immission concentrations show that the maximum immission concentrations are mostly in the area of urban residential areas. The largest urban district heating plant "Krivi Vir" is located in one of the most densely populated residential areas. It has three sources of emissions and boiler capacity of 127.8 MW. For heat generation, this plant uses natural gas. The position of this district heating system and energy sources is shown in fig. 1 .
Immission concentration has been calculated according to the data about the current emission concentrations from heat sources of the district heating plant "Krivi Vir Therefore, it can be concluded that the maximum immission concentrations at the ground level in the most adverse weather conditions are formed at a distance of 100 m to 200 m from the emitting source of the district heating plant "Krivi Vir". The heat sources of the plant can have a significant impact air quality in the residential area near the plant. Measured emission concentrations, particularly nitrogen oxides, and the calculated maximum immission concentrations (tab. 9) from another energy source in the plant can be considered high (tab. 8). According to the applicable legislation of the Republic of Serbia, the limit value for immission concentration of nitrogen dioxide during one hour is 150 g/m 3 . Therefore, it can be concluded that the maximum immission concentration of nitrogen dioxide from the second source (223.6 g/m 3 , fig. 6 ) may affect both the health of the exposed population and the air quality field. The air quality category in this area is "unsatisfactory". The HQ at four hour exposure during the day is 1.70 for the population over 18, and 4.76 for children under 10. According to the obtained health quotient index, an area under the influence of maximum nitrogen dioxide concentrations is the area of health risk. Part of the population over 18 has significant health risk, while children under 10 have extremely high health risk. The district heating plant "Somborska" is located northeast of the city center, in a densely populated residential area. The heat source of this plant is 25 m high. The source is located on the north wall of a residential building ( fig. 11 ). This heat source is connected to the boiler with installed capacity of 5.4 MW, which uses heating oil. The position of the district heating plant and its energy-generating source is presented in fig. 11 . Table 10 provides an overview of the measured emission concentration of pollutants.
Calculated, maximum ground concentrations that occur 100 meters from the source of transmission (tab. 11). The concentrations are rapidly declining, if the distance from the emitting source is bigger, as shown in the diagrams (figs. 12 to 15). Taking into account that the eastern wind with the annual frequency of 89.75% is the second most common wind in Niš, the emitted concentration of pollutants can have significant influence on the health of the exposed population west of the emitter. According to the Serbian legislation, the limit immission value SO 2 concentration is 350 g/m 3 , while calculated maximum SO 2 immission concentration at 100 m distance from the emitter is 388.4 g/m 3 .
Comparing the above-mentioned value of immission concentrations with immission limit values, it can be concluded that the calculated immission concentration of SO 2 and NO x during one-hour period is above the immission limit values. The air quality is in the category of "unsatisfactory" which raises the need for continuous monitoring of concentrations of these substances. The health quotient index for maximum one-hour immission concentration of SO 2 and NO x for children under 10 is 3.54. The area in which the group of the population is exposed to maximum immission concentration of SO 2 and NO x is in the zone of high health risk.
The health quotient index for people over 18 is 1.27. This value indicates that people who are over 18 are exposed to a moderate health risk.
City district heating plant "Pantelej" with its 25 m high heat source is connected to two active boilers of installed capacity 0.58 MW. This plant is using fuel oil (S) and it supplies heat to small residential blocks. The position of this district heating unit and its heat source is shown in fig. 16 . Table 12 provides an overview of emission concentrations for January 2009, while the results of the calculated immission concentrations of pollutants are presented in the diagrams ( fig. 17 to 20) , and in tab. 13. Taking into consideration that the measured immission concentrations of SO 2 and NO x are high as well as their immission concentrations (tab. 12), the category of air quality in the immediate vicinity of the district heating unit "Pantelej" is in the category of "unsatisfactory" and it affects the health of the exposed population. Children under 10 are exposed to high health risk, which has been confirmed by the fact that the hazardous health quotient is 3.88. Part of the population over 18 is exposed to moderate health risk. The hazardous health quotient is 1.38.
One of the urban district heating units "Car Uroš" is located in the southwest of the city, its energy source is 20 m high and it has two boilers with installed capacity of 0.75 MW and 0.90 MW (fig. 21 ).
For generating heat, this plant uses fuel oil (S). Combustion of fuel emits pollutants, whose emission concentrations were measured in March 2009, are given in tab. 14. Ground immission concentrations whose values are shown in the diagrams (figs. 22 to 25) have been calculated in the most adverse weather conditions. The maximum immission concentrations are given in tab. 15. Maximum ground concentrations of pollutants appear at a distance of 88 m from the heat source. Sulfur-(IV)-oxide and nitrogen oxides immission concentrations during the period of one hour are above the immission limit value (ILV), and the air quality is in the category "unsatisfactory". For this reason, the measurement site for monitoring immission concentrations of pollutants has been placed near the school. According to the monitored immission concentrations at the measurement site Dositej Obradović, hazardous health quotient for maximum one-hour concentration of SO 2 is 1.16 for the population over 18, and 3.21 for children under 10. Likewise, the hazardous health quotient for maximum NO x immission concentrations is 1.40 among the population over 18, and 3.93 for children under 10. The exposed population over 18 is faced with moderate health risk, while younger population is faced with high health risk. The distribution of pollutants emitted from the heat source of the heating plant "Car Uroš" is represented by the diagrams in figs. 22 to 25. The sports and recreation complex "Čair", south of the city stadium has a 32-meter high district heating unit, with two boilers with total installed capacity of 2.5 MW. About 100 m southeast of the city heating plant, there are single-storey residential houses and a children's play area (fig. 26) . According to the calculated immission concentrations at the ground level, as shown in figs. 27 to 30, it can be concluded that the heat source of the district heating unit "Čair" can significantly affect the air quality in the immediate surrounding. Calculated immission concentrations of pollutants given in the table are based on the middle emission levels of pollutants from both boilers. Maximum immission concentrations occur at a distance of 127 m from the heat source and NO x concentrations are the highest. On the basis of the measured emission concentration (tabs. 16 and 17) in March 2009, immission concentrations of pollutants from the heat source of the district heating plant "Čair" is shown in figs. 27 to 30. Emission concentrations of NO x generated from one of the boilers exceed the emission limit values, and it can be concluded that the air quality in that area is "unsatisfactory". Also, there is a possibility for higher emission concentrations due to incomplete combustion of fuel oil in adverse weather conditions. Hazardous health quotient for NO x immission concentration during one hour is 1.20 for people over 18 and 3.36 for children under 10. According to the hazardous health quotient, it can be concluded that there is a moderate health risk among the population over 18 and a high health risk among the population under 10. In the immediate vicinity of the heating source "Čair", there is one of the measurement sites for air quality monitoring in the city of Niš.
Soot immission and health risk assessment
The method of radial basis function (RBF) has been used for the assessment of air quality and territorial health risk, in the areas where measurement of pollutant concentrations had not been carried out. The method of RBF was used to predict the immission concentration and determine the air quality field in relation to the calculated values of the air quality index.
Determination of the air quality field has been carried out according to the data about the emission concentration of certain pollutants and transmission of these pollutants into the atmosphere. In this paper, predicting immission concentrations has been carried out by means of RBF network. The process of pollutant transmission in the atmosphere is complex (it includes transportation, transformation, and deposition), and prediction of the immission concentrations according to emission concentration requires certain meteorological data, topography of the territory, physical and chemical transformation of pollutants, as well as, their diffusion and deposition. The researchers Stevanović, et al. 10 have investigated these issues in detail. Predicting the immission concentration by means of RBF network is simpler, and the results obtained by such analysis are satisfactory. Application of the RBF network in predicting the immission concentration is based on the statistically processed immission concentrations that are being monitored on the analyzed territory of the city. The maximum absolute error that can occur while determining the air quality field, and making air quality maps in the city of Ni{ for the period 1995-2008 is 10 -4 or less. The model used for mapping air quality by means of RBF network was defined by the number of inputs and hidden neurons, and it proved to be suitable for the subject analysis 11-14 .
The legislation of the Republic of Serbia has not defined the rules for monitoring particulate matter that are below 5 m in diameter. In order to determine the relationship between the particles from the above mentioned district heating plants, air quality and the health risk, mapping the air quality influenced by measured immission concentrations of soot particles has been carried out by means of RBF network. The air quality index and the probability of carcinogenic risk have also been determined. Between 2001 and 2009, there was an increase of soot concentration in the area of Ni{. The field of air quality was determined by the method of radial network basis function. Maps of the air quality fields are given in fig. 31 . Since soot is considered to be a cancerous substance, there is the probability of cancer risk among the population exposed to it four hours a day. Air quality field is in the category "good", if the air quality is less than 50. This field is represented in fig. 31 as field A, and is characterized by immission concentrations below the immission limit values. Therefore, the population exposed to these concentrations does not suffer from health risk. Air quality field in the category "moderately good" (field B) is presented in fig. 31 , and includes the surrounding of the plants that have been analyzed. Air quality index within this air quality field ranges from 51 to 100, while the probability of total carcinogenic risk ranges from 3.56 10 -6 to 1.5 10 -5 . Air quality field in the category "unsatisfactory" (field C) is presented in fig. 31 , and it includes the area of the analyzed plants. Air quality index within this air quality field ranges from 101 to 150, and the probability of total carcinogenic risk is from 1.51 10 -5 to 2.35 10 -5 .
Conclusions
According to the results of the research, the following conclusions can be made. Qualitative and quantitative assessment of air quality has been carried out by the appropriate scientific methods: the method of causal analysis, statistical method and radial basis function method. The immission concentrations for the most adverse weather conditions have been calculated by the analysis of 13 district heating units in Niš, using the software package Screening air dispersion model (SCREEN). The results of the calculated immission concentrations show that the maximum concentrations at the ground level are mostly in the urban residential areas. In cases where the calculated one-hour concentrations are above the immission limit values (ILV), hazardous health quotient ranges from 1.27 to 1.70 for the population over 18, whereas it ranges from 3.54 to 4.76 for the population under 10. A linear relationship between emission and immission concentrations cannot be established by the analysis of emission and immission concentrations which are the consequence of fuel oil combustion in the district heating plants in Niš. The level of immission concentrations is not only influenced by emission concentration, but also by a set of different parameters (air temperature, air velocity, built areas, etc.). Prediction of immission concentrations of soot particles by means of radial basis function (RBF) network has proven to be simpler and more convenient than the application of the methods based on emission concentrations. Therefore, the results obtained are at a high level of reliability. The application of RBF network for predicting emission concentrations is based on statistical analysis of the measured immission concentrations of soot particles on the analyzed territory, with a maximum absolute error up to 10 -4 . Concentrations of soot particles are higher in the areas near the major district heating plants, in comparison to the areas unaffected by heat sources. The analysis of the maps of air quality fields indicates that the air quality fields which are considered to be health risk areas are usually formed under the influence of dominant northwest and east winds. According to the measured emission concentrations of pollutants from urban heating plants in Niš (involving a 27-year period), it can be concluded that large amounts of SO 2 and NO x are emitted to the air during the heating season. 
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